Background: Previous cross-sectional studies suggest that assessments of instrumental activities of daily living (IADLs) may be useful for operationalizing the differences in functional deficits seen in mild cognitive impairment (MCI) and dementia. However, their utility for longitudinal changes in IADLs in the transition between MCI and dementia remains unclear. Methods: We analyzed longitudinal IADL data with the Functional Activities Questionnaire (FAQ) in stable (MCI-S; n = 1,318) or progressive (MCI-P; n = 1,108) MCI patients. Results: Larger increases in FAQ scores were seen in the MCI-P group across a 14.5-month interval, but overlapping distributions in the two groups yielded poorer discriminatory power than prior cross-sectional reports. Conclusion: Our findings emphasize the difficulties in operationalizing the criterion of 'essentially intact' IADLs in MCI, which may complicate the interpretation of disease progression in MCI treatment trials.
Introduction
The transitional stage between normal cognitive aging and dementia has been termed mild cognitive impairment (MCI) [1] . The core diagnostic criteria for MCI include: (1) subjective cognitive complaints, (2) objective cognitive impairment, and (3) essentially intact activities of daily living (ADLs) [1] . The criterion specifying 'essentially intact' ADLs is often the primary feature that distinguishes MCI from dementia, since subjective and objective cognitive impairment can be present in both diagnoses [2, 3] and declines in instrumental ADLs (IADLs) are more strongly associated with progression from MCI to dementia than declines in cognitive function [4] .
In the most recent diagnostic criteria for dementia due to Alzheimer's disease (AD), the decision regarding whether ADLs are essentially intact is considered to be 'inherently a clinical judgment made by a skilled clinician on the basis of the individual circumstances of the patient' [2] . However, previous studies using standardized ADL measures have consistently reported poorer performance in individuals diagnosed with MCI relative to cognitively normal controls [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Since there are no explicit guidelines regarding the extent of functional impairment allowable within the definition of essentially intact ADLs required for a diagnosis of MCI [15] , the use of subjective evaluations to make this determination may result in significant inter-rater variability in both clinical and research settings [16] .
An alternative approach to distinguishing ADL performance between MCI and dementia has been the use of standardized ADL questionnaires. Several studies have examined crosssectional data to empirically determine the most effective cut-points on different assessments, including the Functional Activities Questionnaire (FAQ), the Bayer Activities of Daily Living Scale, and the modified Disability Assessment for Dementia scale, for separating participants diagnosed with MCI from those diagnosed with mild dementia, yielding sensitivities ranging from 80 to 83% and specificities ranging from 72 to 87% [17] [18] [19] . However, such cross-sectional comparisons may overestimate the utility of these assessment tools for making the more difficult diagnostic distinctions near the transition between MCI and dementia, since they include a range of participants at different stages of disease progression. Furthermore, cross-sectional studies are also unable to delineate the magnitude of functional decline across the interval that marks a change in diagnosis between MCI and dementia.
We sought to address these issues by examining longitudinal changes in FAQ scores among individuals meeting the criteria for MCI whose data are included in the Unified Data Set (UDS). The UDS is a large nationwide database that is maintained by the National Alzheimer's Coordinating Center (NACC) and compiled from participants evaluated through the Alzheimer's Disease Centers (ADCs) supported by the National Institute on Aging (NIA) [20] . We analyzed longitudinal FAQ data collected at approximately annual standardized assessments and compared interval changes in FAQ indices between individuals with stable MCI and those who progressed to dementia. These analyses allowed us to examine the validity of global FAQ cut-points for distinguishing MCI and mild dementia that were derived in a prior cross-sectional study [17] and to quantify the changes in FAQ indices associated with expert ADC clinicians' judgment regarding the transition between the essentially intact ADLs that characterize MCI and the impaired ADLs that define dementia.
Methods

Research Participants
The NACC UDS contains longitudinal data from 34 ADCs with current or prior funding from the NIA and includes participants with normal cognition, MCI, and dementia [20] . From the UDS, we identified 3,183 participants who were ≥ 50 years of age, diagnosed as having MCI per modified Petersen criteria [1] at their initial visit, returned for at least one follow-up visit, received serial assessments with the FAQ, and whose data had been entered into the UDS by March 1, 2012. We eliminated 757 participants who reverted to normal cognition from further analyses. The remaining participants were divided into two groups based on whether their MCI diagnosis remained stable (MCI-S; n = 1,318) or progressed to dementia due to AD [21] or other etiologies (MCI-P; n = 1,108). Race/ethnicity data were dichotomized into two categories: non-Hispanic Whites and other races/ethnicities. Diagnoses were independently determined at each ADC through clinician judgment and/or neuropsychological testing (including additional measures beyond those incorporated in the UDS) [20] . Participants meeting the criteria for MCI exhibited deficits in attention, memory, language, visuospatial, and/or executive functioning. MCI was subtyped as amnestic or nonamnestic based on the presence or absence of significant memory impairment. Both groups included participants with deficits in single or multiple cognitive domains.
Functional and Cognitive Assessments
IADL performance was assessed using the FAQ [22] . The FAQ solicits informant ratings of participants' performance on 10 separate categories of IADLs: (1) writing checks, paying bills, keeping financial records, (2) assembling tax or business records, (3) shopping alone, (4) playing a game of skill, (5) making coffee or tea, (6) preparing a balanced meal, (7) keeping track of current events, (8) attending to and understanding a television program, book, or magazine, (9) remembering appointments, family occasions, or medications, and (10) traveling out of the neighborhood. Each category is rated from 0 to 3 (0: normal; 1: has difficulty, but does by self; 2: requires assistance; 3: dependent), with higher scores indicative of poorer performance. The activities were not rated if the participant never performed them prior to developing cognitive difficulties or if the informant had insufficient information to provide a valid response. Global FAQ indices were calculated in two ways to accommodate missing data: (1) total FAQ scores, which only include data from participants with valid responses for all items, and (2) average FAQ item scores, which include data from all participants [5, 17] . Prior work indicates that individual ADCs do not incorporate specific cutoff points on global FAQ indices to distinguish between MCI and dementia [17] . Cognitive performance was measured using the Mini-Mental Status Examination (MMSE) [23] .
Statistical Analyses
Statistical analyses were performed using SPSS 22 for Mac (IBM, Armonk, N.Y., USA). Given the variability in the overall length of follow-up for MCI participants in the UDS, we focused on the most recent longitudinal intervals included in this dataset. For the MCI-S group, we calculated the relative changes in FAQ indices between the last recorded UDS visit (visit F) and the visit that immediately preceded it (visit F-1). For the MCI-P group, we calculated the relative changes in FAQ indices between the first visit at which these participants received a diagnosis of dementia (visit F) and the two visits immediately preceding it, during which they still met the diagnostic criteria for MCI (visits F-1 and F-2). Cross-sectional data were compared between groups using unpaired t tests for continuous variables and χ 2 tests for categorical variables. FAQ indices were compared across the MCI-S and MCI-P groups using analysis of covariance (ANCOVA) and were adjusted for demographic differences. Within-subject comparisons of global FAQ indices across visits F-2, F-1, and F in the MCI-P group were performed using paired t tests. Binomial logistic regression was used to identify the changes in specific FAQ items that were most closely associated with diagnostic progression from MCI to dementia. Receiver operating characteristic (ROC) curves and sensitivity index scores ( d ') were used to identify the discriminative power of and optimal cut-points for global FAQ indices associated with the diagnostic transition between MCI and dementia.
Results
Demographics
Demographic and MMSE data for the MCI-S and MCI-P groups are shown in table 1 . MCI-P subjects were significantly older at visits F and F-1 (both p < 0.001), more likely to be nonHispanic Whites (p < 0.001), more likely to be diagnosed with amnestic MCI at visit F-1 (p < 0.001), and had lower MMSE scores (p < 0.001) than MCI-S subjects. There were no differences between the groups in the time interval between visits F and F-1, gender, or years of formal education. Subsequent analyses were adjusted for race as well as age, MCI subtype, and MMSE scores at visit F-1. In the MCI-P group, 86.6% of the participants progressed to a diagnosis of possible or probable AD by visit F; the remaining participants were diagnosed with other dementing etiologies.
Longitudinal Changes in Functional Indices in the MCI-S and MCI-P Groups between Visits F-1 and F
Complete FAQ data were obtained from a greater proportion of the MCI-S group than of the MCI-P group at visits F-1 [MCI-S: 63.6%; MCI-P: 57. We further investigated whether the greater longitudinal changes in global FAQ indices in the MCI-P group were preferentially driven by changes in specific individual FAQ items. However, as shown in figure 2 , significantly larger increases in the MCI-P group relative to the MCI-S group were seen in all 10 FAQ items (critical p = 0.005 after Bonferroni correction). Logistic regression analyses controlling for race, age, MCI subtype, and MMSE scores at visit F-1 indicated that greater increases in difficulties with bills, shopping, games, meal preparation, remembering dates, and traveling outside the neighborhood were each independently associated with progression to dementia ( table 2 ) .
Longitudinal Changes in Functional Indices in the MCI-P Group between Visits F-2 and F-1 and Visits F-1 and F
The multiple demographic differences between the MCI-S and MCI-P groups ( table 1 ) raised the possibility that the MCI-S group may have included more individuals at earlier stages of disease progression and/or less likely to have underlying neurodegenerative etiologies than the MCI-P group. As such, comparisons of longitudinal changes in functional indices between the MCI-S and MCI-P groups may overstate the magnitude of changes in MCI that progresses to dementia relative to stable MCI, even after adjustment for demographic factors. Therefore, we performed additional analyses in a subset of the MCI-P group that had ≥ 3 study Table 3 . Demographic data for participants in the MCI-P group with either 2 or ≥3 visits visits in the NACC UDS (n = 490). For these participants, we compared longitudinal change scores across visits F-2 and F-1, during which their MCI diagnoses remained stable, with longitudinal change scores across visits F-1 and F, during which their diagnoses progressed from MCI to dementia. These within-subject analyses incorporated smaller sample sizes but allowed for more direct investigations of the diagnostic transition from MCI to dementia without confounding demographic differences.
Demographic data for the subsets of the MCI-P participants with ≥ 3 visits and only 2 visits are shown in table 3 . Relative to the MCI-P participants with only 2 visits, those with ≥ 3 visits were older at visits F-1 (p = 0.015) and F (p = 0.026), had a higher proportion of nonHispanic Whites (p = 0.026), and were marginally more likely to have amnestic MCI at visit F-1 (p = 0.051) but had similar years of education (p = 0.74) and gender distribution (p = 0.33). Global FAQ indices and MMSE scores for this subgroup are shown in figure 3 . Complete FAQ data were available for 62.4% of the participants at visit F-2, for 55.9% of the participants at visit F-1, and for 60.6% of the participants at visit F. Significantly larger changes were seen across the F-1 to F interval relative to the F-2 to F-1 interval for total FAQ [F-1 to F: mean 6.36, SD 7. 
Diagnostic Cut-Points Using Global FAQ Indices
Previous analyses of cross-sectional FAQ data from the NACC UDS indicated that the optimal cut-points for distinguishing MCI from very mild AD were <6 for the total FAQ score (80.3% sensitivity, 87.0% specificity, and 84.7% classification accuracy) and <0.437 for the average FAQ item score (81.8% sensitivity, 77.4% specificity, and 79.1% classification accuracy) [17] . However, when we applied these cut-points to the MCI-S and MCI-P groups at visit F, their overall predictive power decreased (total FAQ score: 83.6% sensitivity, 71.3% specificity, and 76.7% classification accuracy; average FAQ item score: 85.4% sensitivity, 61.9% specificity, and 72.6% classification accuracy) due to poorer specificity. Furthermore, when these cut-points were used to longitudinally classify the MCI-P group at visits F-1 (MCI) versus F (dementia), even lower specificities and classification accuracies were seen (total FAQ score: 48.8% specificity and 66.2% classification accuracy; average FAQ item score: 43.2% specificity and 64.3% classification accuracy).
ROC analyses of total FAQ scores across the MCI-S and MCI-P groups at visit F produced an area under the curve (AUC) of 0.851 [95% confidence interval (CI): 0.832-0.871, p < 0.001] and d ' of 1.43. The optimal cut-point in this cohort was between 8 and 9, which yielded 74.8% sensitivity, 82.1% specificity, and 79.0% classification accuracy. When this cut-point was used to distinguish total FAQ scores in the MCI-P group at visits F-1 and F, specificity dropped to 64.1% and classification accuracy fell to 69.4%. ROC analyses of average FAQ item scores across the MCI-S and MCI-P groups at visit F produced an AUC of 0.826 (95% CI: 0.809-0.842, p < 0.001] and d ' of 1.28. The optimal cut-point was between 0.731 and 0.732, which yielded 73.9% sensitivity, 76.6% specificity, and 75.4% classification accuracy. When this cut-point was used to distinguish between average FAQ item scores in the MCI-P group at visits F-1 and F, specificity dropped to 62.3% and classification accuracy fell to 68.1%. Since the classification accuracies exhibited by cutoffs derived from global FAQ indices measured at visit F in this longitudinal cohort were consistently lower than those from prior cross-sectional analyses [17] , we subsequently examined the performance of cutoffs derived from the magnitude of the changes in global FAQ indices between the F-1 and F assessments. ROC analyses of changes in total FAQ scores in the MCI-S and MCI-P groups between visits F-1 and F produced an AUC of 0.780 (95% CI: 0.752-0.809, p < 0.001] and d ' of 0.99. The optimal cut-point was between 2 and 3, which yielded 70.1% sensitivity, 79.3% specificity, and 75.4% classification accuracy. ROC analyses of changes in average FAQ item scores in the MCI-S and MCI-P groups between visits F-1 and F produced an AUC of 0.769 (95% CI: 0.749-0.789, p < 0.001] and d ' of 0.97. The optimal cut-point was between 0.275 and 0.276, which yielded 68.7% sensitivity, 77.7% specificity, and 73.6% classification accuracy. When these cutpoints were used to distinguish changes in these indices within the MCI-P group from F-2 to F-1 and F-1 to F, poorer specificity (change in total FAQ: 61.9%; change in average FAQ item: 60.7%) and classification accuracy (change in total FAQ: 66.6%; change in average FAQ item: 65.1%) were again seen.
Analyses of FAQ Indices in Amnestic MCI
Interventional clinical trials in MCI have focused primarily on amnestic MCI due to its higher rates of progression to dementia relative to nonamnestic MCI [24] [25] [26] [27] . Since our data also show a greater prevalence of amnestic MCI in the MCI-P group relative to the MCI-S group, we performed further analyses of FAQ indices limited to individuals diagnosed with amnestic MCI at visit F-1. These additional analyses produced results similar to those performed with the overall cohort (data not shown).
Discussion
Analyses of longitudinal IADL data from the NACC UDS revealed a marked decline in functional abilities across the diagnostic transition between MCI and dementia, as both total FAQ and average FAQ item scores approximately doubled in the MCI-P group across the F-1 to F interval. Over this interval, which averaged 14.5 months, increases in global FAQ indices associated with progression from MCI to dementia were three-to six-fold greater than the analogous increases seen with stable MCI. These findings are consistent with prior reports indicating that functional abilities are more impaired and decline more rapidly in progressive versus stable MCI [4, 6, [28] [29] [30] [31] [32] .
Nevertheless, despite the magnitude of the longitudinal increases in global FAQ indices seen in the MCI-P group from visit F-1 to visit F, their predictive value for distinguishing MCI from dementia was poorer than that reported from cross-sectional data [17] , yielding similar sensitivity but lower specificity when previously defined cut-points were used. These results suggest that expert ADC clinicians may accept higher levels of functional impairment for the criterion of essentially intact ADLs for MCI than previously estimated. The optimal diagnostic cut-point between MCI and dementia calculated from the current longitudinal dataset for total FAQ scores ( ≥ 9) lies in the upper range of previously reported cut-points for distinguishing between normal cognition and dementia, which range from ≥ 5 [33] to ≥ 12 [34] , but yielded poorer predictive value than those previous cross-sectional studies. These results reflect the inherent difficulty of identifying a standardized threshold for longitudinal changes in functional abilities across the diagnostic transition between MCI and dementia.
The longitudinal increases in global FAQ indices seen in the transition from MCI to dementia were not driven by impairments in specific IADLs. Greater interval declines were seen in the MCI-P group between visits F-1 and F in most or all of the individual FAQ items relative to both of the stable MCI comparison groups (MCI-S group from F-1 to F and MCI-P group from F-2 to F-1). Furthermore, logistic regression indicated that increases in 7 out of the 10 individual FAQ categories were independently associated with progression to dementia. While these results are consistent with prior cross-sectional analyses that indicated significantly greater impairment in all IADL categories in very mild AD relative to MCI [17] , there is some overlap between our results and prior work with the Lawton and Brody scale that identified a specific set of IADL deficits that were most closely associated with a diagnosis of dementia [35] . Taken together, these findings suggest that progression from MCI to dementia is associated with declining performance across a broad range of different IADLs rather than targeted declines in specific tasks. Nevertheless, given the variable difficulty and floor/ceiling effects of different IADLs, some IADL categories may be more closely associated with or predictive of diagnostic progression than others [14, 17, 35] .
Our analyses indicated that poorer IADL performance in both the MCI-S and MCI-P groups was seen in the participants who were older and had lower MMSE scores. These findings are consistent with prior reports [14, 36, 37] and support the hypothesis that individuals that are closer to the diagnostic transition from MCI to dementia (i.e. with more advanced underlying neurodegenerative disease) are more likely to have poorer functional abilities [4, 6, [28] [29] [30] [31] [32] . Our data also showed that non-Hispanic White participants had significantly greater IADL impairments than minority participants. This finding conflicts with previous epidemiological studies of elderly individuals, which have identified greater IADL deficits in ethnic minorities than in non-Hispanic Whites [36, 38] . However, minority participants may be more likely than non-Hispanic Whites to be diagnosed with MCI [39] , particularly nonamnestic MCI [5, 40, 41] , which has been shown in some studies to be less likely to progress to dementia [24] [25] [26] [27] . Since ethnic discrepancies are larger for the prevalence of MCI than for the prevalence of dementia [42] , a higher proportion of MCI diagnoses in ethnic minorities may reflect nonneurodegenerative etiologies, possibly due to cultural effects on normative data for the neuropsychological assessments, especially in non-memory domains [43] [44] [45] . Therefore, the less severe functional impairments reported in ethnic minority MCI participants in the NACC UDS database may reflect a lower likelihood of underlying neurodegenerative disease.
The limited discriminatory power of global FAQ indices for distinguishing between MCI and dementia in this longitudinal cohort can be interpreted in a number of ways. One view is that questionnaires assessing IADL function may have little value for defining the threshold of functional impairment needed for a diagnosis of dementia [46, 47] , leaving open the possibility that performance-based IADL assessment tools may have greater utility for this distinction [48, 49] . However, it is also possible that other IADL questionnaires with greater precision than the FAQ may have greater utility for this purpose. Alternatively, clinician judgment, the current gold standard for assessing IADL impairment [2] used across ADCs [17] may be variable enough between expert raters, particularly in longitudinal assessments, to limit its correlation with more formal IADL ratings, thus reducing their diagnostic accuracy. This interpretation becomes particularly problematic when clinical trials of potential therapeutic interventions for MCI are considered. Some studies have used the time to progression to dementia as their primary outcome measure and appear to have incorporated subjective clinician judgment of IADL performance into their dementia diagnoses [50] . The potential additional variability associated with using clinician judgment for determining functional impairment may further contribute to the difficulties associated with assessing potential treatments for MCI.
This study analyzed longitudinal FAQ data from a large number of participants diagnosed with MCI by expert clinicians at multiple ADCs across the United States, allowing for IADL assessments and clinical diagnoses across a wide range of geographic and demographic regions, thus increasing the generalizability of our findings. However, there are a number of factors that may limit the interpretation of our results. The NACC UDS is a convenience sample of participants volunteering for research at academic centers and may differ from communitybased epidemiological samples, particularly in participants' high levels of educational attainment. Diagnoses of MCI and dementia in the NACC UDS are based on clinical criteria [1, 21] , and inter-ADC variability in the operationalization of both the cognitive and functional aspects of these criteria may have affected our results. Although the NACC UDS diagnoses represent the gold standard for the analyses that we have performed, the use of clinician judgment for assessing significant declines in IADLs necessarily inserts a subjective component to the diagnostic process. A significant proportion of the subjects in both the MCI-S and MCI-P groups had incomplete FAQ data from at least one visit. Incomplete FAQ data were more common in the MCI-P group, raising the possibility that these participants may have had fewer premorbid IADL responsibilities or that their informants may have been less knowledgeable about their abilities. Nevertheless, prior work suggests that informants provide more accurate IADL ratings than MCI subjects, who frequently underestimate their IADL deficits [6] . Although similar longitudinal patterns were seen using both global FAQ indices, total FAQ scores provided better classification accuracy than average FAQ item scores, despite the fact that the majority of the participants with incomplete data were missing data for only 1 or 2 items. These results confirm our prior report suggesting that the FAQ may have greater diagnostic utility when complete data are available [17] . However, our findings have not accounted for the possible presence of other medical comorbidities beyond cognitive impairment that may have impacted assessments of IADL performance.
Our analyses of longitudinal IADL data in individuals with baseline diagnoses of MCI reveal large increases in FAQ scores across the transition from MCI to dementia but also suggest significant overlap in the distributions of FAQ scores between these diagnoses. The poorer utility of global FAQ indices for the finer distinctions between MCI and dementia in this longitudinal dataset relative to prior cross-sectional analyses [17] is not wholly unexpected but reinforces previous concerns regarding the difficulty of operationalizing the criterion of essentially intact ADLs in MCI [15, 16] . Future clinical trials of interventions aimed at delaying progression from MCI to dementia may require the development of more consistent and reliable determinations of the severity of IADL deficits that separates these diagnoses.
